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SAŽETAK: Hrvatska pripada skupini europskih zemalja s visokim kardiovaskularnim rizikom i rastu-
ćom prevalencijom šećerne bolesti tipa 2 (DMT2). Prema podatcima Nacionalnog registra osoba sa še-
ćernom bolešću (CroDiab registar), u Hrvatskoj je 2014. godine bilo evidentirano ukupno 254 296 osoba 
oboljelih od dijabetesa starijih od 18 godina (7,9 %). DMT2 je, uz hipertenziju i hiperlipidemiju, jedan 
od vodećih čimbenika kardiovaskularnog rizika. Glavne regulatorne agencije za lijekove, potaknute 
štetnim kardiovaskularnim učincima rosiglitazona u RECORD studiji i kasnijim metaanalizama, za-
htijevaju za sve antidijabetike kliničke pokuse o utjecaju na kardiovaskularne ishode i dokaze o sigur-
nosti. U procjeni učinka antidijabetika na kardiovaskularni rizik važna je gornja granična vrijednost 
dvostranog intervala pouzdanosti od 95 % (95 % CI) za procijenjeni omjer rizika. Svi antidijabetici s 
gornjom granicom omjera rizika ≥ 1,3 zahtijevaju dodatne sigurnosne provjere. Kardiovaskularna si-
gurnost oralnih antidijabetika posebno je važna u bolesnika sa zatajivanjem srca. S obzirom na veliki 
broj antidijabetika na tržištu, odluka o optimalnom liječenju DMT2 treba ovisiti o svim individualnim 
karakteristikama bolesnika i procijenjenom kardiovaskularnom riziku.
SUMMARY: Croatia belongs to a group of European countries with a high cardiovascular risk and grow-
ing prevalence of diabetes mellitus type 2 (DMT2). According to data of the National Diabetes Registry 
(CroDiab registry), a total of 254,296 individuals aged >18 suffering from diabetes were registered in 
2014 (7.9%). Along with hypertension and hyperlipidemia, DMT2 is one of the leading cardiovascu-
lar risk factors. Prompted by adverse cardiovascular effects of rosiglitazone, demonstrated in the RE-
CORD study and subsequent meta-analyses, the main drug regulatory agencies require clinical trials 
of the effect on cardiovascular outcomes and safety evidence for all antidiabetic drugs. On assessing 
the effects of antidiabetic drugs on cardiovascular risk, the two-sided confidence interval upper bor-
derline value of 95% (95% CI) is highly relevant for the estimated risk ratio. Additional safety testing is 
required for all antidiabetic drugs with the risk ratio upper limit ≥1.3. Cardiovascular safety of oral an-
tidiabetic drugs is of special importance in patients with heart failure. Considering the great number 
of antidiabetic drugs on the market, decision on optimal DMT2 therapy should be made in dependence 
of specific characteristics of each individual patient and cardiovascular risk assessment.
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Pregledni rad Review article
Uvod
Šećerna bolest (dijabetes melitus, DM) metabo-
lička je bolest s osnovnim obilježjem kronične 
hiperglikemije zbog oštećene inzulinske sekre-
cije ili aktivnosti. Postoje četiri glavne etiološke 
kategorije dijabetesa: šećerna bolest tip 1 (DMT1), 
šećerna bolest tip 2 (DMT2), gestacijski dijabetes 
Introduction
Diabetes mellitus (DM) is a metabolic disease 
characterized by chronic hyperglycemia due to 
impaired insulin secretion or activity. There are 
four etiologic categories of diabetes mellitus, as 
follows: diabetes mellitus type 1 (DMT1); diabetes 
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other specific DM types. DMT2 accounts for the great majority of 
DM patients (95%). Diagnosis of DM is made by measuring fast-
ing blood glucose, 2-h postprandial blood glucose and glycated 
hemoglobin A1c (HbA1c) determination.
Along with arterial hypertension and hyperlipidemia, DMT2 
is one of the leading cardiovascular risk factors. A large meta-
analysis found the presence of DMT2, independently of other risk 
factors, to double the risk of coronary heart disease, myocardial 
infarction, ischemic stroke and cardiovascular death caused by 
various vascular events1. While efficient control of risk factors 
such as hypertension and hyperlipidemia, as well as antiaggrega-
tion therapy in DMT2 reduces the risk of macrovascular compli-
cations, and good control of the ‘glucotriad’ (target HbA1c <6.5%, 
fasting glycemia <6.6 mmol/L and postprandial glycemia <7.8 
mmol/L) has favorable effect on microvascular complications2, 
the effects of tight glycemic control on macrovascular complica-
tions reported from different studies are controversial (UKPDS, 
VADT, ACCORD and ADVANCE)3-6. In some studies, tight glycemic 
control had favorable influence on macrovascular complications, 
whereas in the ACCORD study it increased mortality.
Prompted by the adverse effects of rosiglitazone in the RECORD 
study and subsequent meta-analyses7-9, the US Food and Drug Ad-
ministration (FDA) since 2008 and European Medicines Agency 
(EMA) since 2012 require, besides beneficial hypoglycemic ac-
tion, appropriate clinical cardiovascular outcome trials (CVOT) 
and safety evidence for all antidiabetic drugs (Figure 1)10. Assess-
ment of the effect on cardiovascular risk is based on the results of 
phase 2 and 3 clinical trials for all developing antidiabetic drugs, 
as well as for those already on the market. On assessing the ef-
fects of antidiabetic drugs on cardiovascular risk, the two-sided 
confidence interval upper borderline value of 95% (95% CI) is highly 
relevant for the estimated risk ratio. At the upper borderline value 
<1.3, the drug is considered safe and can be registered without ad-
ditional safety testing. If the upper borderline value of risk ratio is 
>1.8, the drug cannot be registered and requires additional large 
safety testing (CVOT). Antidiabetic drugs with the risk ratio upper 
borderline limit between 1.3 and 1.8 can be registered, but appropri-
ately designed and statistically powered postmarketing trial must 
te druge specifične vrste šećerne bolesti. Velika većina ili oko 
95 % bolesnika ima DMT2. Dijagnoza se postavlja mjerenjem 
glukoze natašte, dva sata nakon obroka te određivanjem gli-
koziliranog hemoglobina A1c (HbA1c). 
DMT2 je, uz arterijsku hipertenziju i hiperlipidemiju, jedan 
od vodećih čimbenika kardiovaskularnog rizika. Velika je 
metaanaliza utvrdila da prisutnost DMT2, neovisno o drugim 
čimbenicima rizika udvostručuje rizik od koronarne bole-
sti srca, infarkta miokarda, ishemijskoga moždanog udara i 
kardiovaskularne smrti uzrokovane različitim vaskularnim 
događajima1. Dok kontrola čimbenika rizika kao što su hiper-
tenzija i hiperlipidemija te antiagregacijsko liječenje u DMT2 
smanjuje rizik od makrovaskularnih komplikacija, a dobra 
kontrola "glukotrijade" (ciljni HbA1c < 6,5 %, glikemija natašte 
< 6,6 mmol/L, postprandijalna glikemija < 7,8 mmol/L) ima 
povoljan učinak na mikrovaskularne komplikacije2 , učinci 
strože kontrole glikemije na makrovaskularne komplikacije 
u postojećim studijama (UKPDS, VADT, ACCORD, ADVANCE) 
bili su proturječni3-6. Iako je u nekim ispitivanjima stroža kon-
trola glikemije djelovala povoljno na makrovaskularne kom-
plikacije, u ACCORD studiji povećala je smrtnost.
Potaknuti štetnim kardiovaskularnim učinicima rosiglita-
zona u RECORD studiji i kasnijim metaanalizama7-9, Američka 
Food and Drug Administration (FDA) od 2008. i europska Eu-
ropean Medicines Agency (EMA) od 2012. godine zahtijevaju 
za sve nove antidijabetike, osim povoljnoga hipoglikemijskog 
djelovanja, odgovarajuće kliničke pokuse o utjecaju na kardi-
ovaskularne ishode (engl. CV Outcome Trial, CVOT) i dokaze o 
sigurnosti (slika 1)10. Procjena utjecaja na KV rizik temelji se na 
rezultatima kliničkih ispitivanja faze 2 i 3 za sve antidijabetike 
u razvoju, kao i one koji su već na tržištu. U ocjeni učinka lijeka 
na kardiovaskularni rizik važna je gornja granična vrijednost 
dvostranog intervala pouzdanosti od 95 % (95 % CI) za procije-
njeni omjer rizika. Pri gornjoj graničnoj vrijednosti < 1,3 lijek se 
smatra sigurnim i može biti odobren bez dodatnih provjera si-
gurnosti. Ako je gornja granična vrijednost omjera rizika > 1,8, 
lijek ne može biti odobren i potrebno je provesti veliko ispitiva-
nje sigurnosti (CVOT). Antidijabetici s gornjom granicom omje-
ra rizika između 1,3 i 1,8 mogu dobiti odobrenje za stavljanje na 
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FIGURE 1. Adverse cardiovascular events led regulators to require demonstration of cardiovascular safety for new glucose-
lowering drugs.
CV = cardiovascular; MI = myocardial infarction
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be conducted to demonstrate the risk ratio upper borderline limit 
<1.310. 
Diabetes Mellitus and Heart Failure
Cardiovascular safety of oral antidiabetic drugs is of particular 
importance in patients with heart failure. Croatia belongs to a 
group of European countries with a high cardiovascular risk and 
increasing prevalence of DMT2. The prevalence of heart failure in 
the general population of Europe and Croatia has been estimated 
to 2%, while 0.4% of the general population suffer from both heart 
failure and DMT211,12. According to data of the National Diabetes 
Registry (CroDiab registry), a total of 254,296 individuals aged >18 
suffering from diabetes were registered in 2014, yielding a preva-
lence of 7.9%13. However, previous studies have shown that even 
40% of those suffering from DM have not been diagnosed with the 
disease, thus it is estimated that as many as 400,000 individuals 
or every tenth adult in Croatia have DM. The prevalence of DM is 
significantly higher in symptomatic patients with heart failure 
(12%-30%), in hospitalized patients increasing up to 40%14,15. There 
are no recent epidemiological studies or reliable data on the preva-
lence and incidence of heart failure in Croatia; in particular, data 
on heart failure in DMT2 are lacking16. The relevant European epi-
demiological study reports mentioned above can quite certainly 
be extrapolated to Croatia. With the 4.3 million population and pre-
suming a 2% prevalence of heart failure, about 86,000 individuals 
would suffer heart failure in Croatia. With the prevalence of both 
heart failure and DMT2 of 0.4%, both conditions would be present 
in about 17,200 individuals. The likely prevalence of heart failure 
in 250,000 DMT2 patients in Croatia is 8% or fourfold that recorded 
in the general population.
Heart failure is responsible for impaired quality of life and dis-
ability, is associated with high morbidity and mortality, and can 
be induced by any disease causing damage to the heart structure 
and function11,12,16,17. Heart failure and DMT2 are frequently found 
as comorbidities and exert unfavorable mutual effect on the natu-
ral course of both conditions. Coronary heart disease and arterial 
hypertension as potent risk factors for heart failure have a high 
prevalence in diabetic patients. Hyperglycemia per se has adverse 
effect on myocardium, increasing the risk of myocardial dysfunc-
tion. Diabetic cardiomyopathy, a term denoting a specific clini-
cal entity, includes numerous pathophysiological mechanisms 
of myocardial damage in DMT2, e.g., accumulation of advanced 
glycation end products, oxidative stress, inflammatory reaction, 
impaired intracellular calcium metabolism, altered microRNA 
expression, atherosclerotic lesion promotion, and development of 
coronary heart disease. And vice versa, the very presence of heart 
failure increases the risk of diabetes development due to hyper-
sympathetic tone, pancreas and liver hypoperfusion and conges-
tion, insulin resistance, and reduced physical activity2,18.
Metformin
Metformin therapy of overweight DMT2 patients for 10 years af-
ter the well-known United Kingdom Prospective Diabetes Study 
(UKPDS) significantly reduced all diabetes dependent adverse out-
comes by 21% (p=0.01), myocardial infarction by 33% (p=0.005) and 
overall mortality by 27% (p=0.002)3,19,20. Such a notable reduction of 
tržište, ali nakon stavljanja u promet treba provesti ispitivanje 
odgovarajućeg dizajna i statističke snage kako bi se dokazala 
gornja granična vrijednost omjera rizika < 1,310.
Šećerna bolest i zatajivanje srca
Kardiovaskularna sigurnost oralnih antidijabetika posebno je 
važna u bolesnika sa zatajivanjem srca (ZS). Hrvatska pripa-
da skupini europskih zemalja s visokim kardiovaskularnim 
rizikom i rastućom prevalencijom DMT2. Prevalencija ZS-a u 
općoj europskoj i hrvatskoj populaciji jest oko 2 %, a oko 0,4 % 
opće populacije, uz ZS, ima i DMT211,12. Prema podatcima Na-
cionalnog registra osoba sa šećernom bolešću (CroDiab regi-
star), u Hrvatskoj je 2014. godine evidentirano ukupno 254 296 
osoba oboljelih od DM-a starijih od 18 godina, odnosno 7,9 %13. 
Ranija su istraživanja pokazala, međutim, da čak 40 % obolje-
lih nema postavljenu dijagnozu pa se procjenjuje da čak 400 
000 osoba u Hrvatskoj boluje od DM-a, odnosno svaka deseta 
odrasla osoba. Prevalencija DM-a mnogo je viša u simptomat-
skih bolesnika sa ZS-om (12 – 30 %), a u hospitaliziranih čak 
do 40 %14,15. Novih epidemioloških istraživanja i sigurnih po-
dataka o prevalenciji i incidenciji ZS-a u nas nema, a posebno 
nedostaju podatci o ZS-u u DMT216. Iz prethodno navedenih 
relevantnih europskih epidemioloških podataka moguće je s 
približnom sigurnošću ekstrapolirati takve podatke za Hrvat-
sku. S obzirom na ukupan broj od 4,3 milijuna stanovnika, uz 
predmnijevanu prevalenciju ZS-a od 2 %, u Hrvatskoj bi oko 86 
000 osoba imalo ZS. Uz prevalenciju ZS-a i DMT2 od oko 0,4 %, 
oba bi stanja bila prisutna u oko 17 200 osoba. U oko 250 000 
dijabetičara tipa 2 u Hrvatskoj vjerojatna je prevalencija ZS-a 
oko 8 % ili četiri puta veća nego u općoj populaciji.
Zatajivanje srca odgovorno je za smanjenje kvalitete života 
i invalidnost, ima visok pobol i smrtnost, a može ga uzroko-
vati svaka bolest koja oštećuje građu i funkciju srca11,12,16,17. ZS 
i DMT2 često su prisutni istodobno i imaju nepovoljan među-
sobni utjecaj na prirodni tijek obaju stanja. Snažni čimbenici 
rizika za ZS, koronarna bolest srca i arterijska hipertenzija, 
imaju visoku prevalenciju u dijabetičara. Hiperglikemija sama 
po sebi štetno utječe na miokard povećavajući rizik od njegove 
disfunkcije. Dijabetička kardiomiopatija, pojam koji označuje 
poseban klinički entitet, uključuje brojne patofiziološke meha-
nizme oštećenja miokarda u DMT2: nakupljanje krajnjih pro-
dukata glikozilacije, oksidativni stres, upalnu reakciju, poreme-
ćen intracelularni metabolizam kalcija, promjene u ekspresiji 
mikroRNK, promociju aterosklerotskih promjena i razvoj koro-
narne bolesti srca. U suprotnome smjeru, sama prisutnost ZS-a 
povećava rizik od nastanka dijabetesa zbog hipersimpatičkog 
tonusa, hipoperfuzije i kongestije gušterače i jetre, inzulinske 
rezistencije i smanjene tjelesne aktivnosti2,18.
Metformin 
Liječenje metforminom preuhranjenih dijabetičara tipa 2 ti-
jekom 10 godina nakon poznate United Kingdom Prospecti-
ve Diabetes Study (UKPDS) znatno je smanjilo sve o dijabe-
tesu ovisne nepovoljne ishode, i to za 21 % (p = 0,01), infarkt 
miokarda za 33 % (p = 0,005) i ukupnu smrtnost za 27 % (p 
= 0,002)3,19,20. Ovakvo uvjerljivo smanjenje kardiovaskularnih 
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cardiovascular events made metformin the first drug of choice in 
overweight DMT2 patients. A large meta-analysis confirmed the 
favorable effect of metformin on cardiovascular events and mor-
tality, in particular in long-term therapy and in younger patients21. 
However, caution was warranted due to the possible adverse ef-
fects of a combination of metformin and sulfonylurea agents.
Earlier, metformin was considered to be contraindicated in heart 
failure for fear from lactic acidosis, but later it showed reduction in 
total mortality, number of hospitalizations and adverse events22,23. 
In a comparator study with other oral hypoglycemic drugs and in-
sulin, metformin as monotherapy reduced mortality by 35% and 
in combined therapy by 28%, whereas other drugs without met-
formin had neutral effects24. Besides decreasing hyperglycemia, 
metformin acts favorably on dyslipidemia and reduces platelet 
aggregation, plasminogen activator inhibitor-1 (PAI-1) activity, 
endothelial dysfunction and chronic vascular inflammation25. In 
their specific study, Masoudi et al. demonstrated lower prevalence 
of lactic acidosis in patients on metformin as compared with con-
trol group (2.3% vs. 2.6%)26. In a systematic Cochrane analysis of 
347 prospective comparator and observational cohort studies, the 
prevalence of lactic acidosis in metformin treated patients was 
4.3/100,000 patients versus 5.4/100,000 patients in the non-met-
formin group27. The risk of lactic acidosis is increased in patients 
with impaired renal function and estimated glomerular filtration 
rate (eGFR) <50, and metformin should be avoided at eGFR <30. In 
diabetic patients with eGFR 30-50, metformin should be used with 
caution, and decision on therapy depends on other characteristics 
of each individual patient28.
Sulfonylureas and meglitinides
Sulfonylureas and sulfonylurea analogues (meglitinides) are the 
oldest group of oral antihyperglycemics. These agents stimulate 
insulin secretion by blocking the adenosine triphosphate (ATP) 
sensitive potassium channels on the islands of Langerhans β 
cells and therefore are called insulin secretagogues. They repre-
sent the second line of DMT2 treatment when monotherapy with 
metformin, glitazones, dipeptidyl peptidase-4 (DPP-4) inhibitors 
or glucagon-like peptide-1 (GLP-1) analogues fails to produce satis-
factory glucotriad control. These agents are administered as mon-
otherapy in case of contraindications to other antidiabetic drugs. 
Cardiovascular safety of these agents has been a subject of de-
bate for years now, i.e. since the publication of the results of the 
known University Group Diabetes Programme (UGDP) study29, in 
which a higher cardiovascular risk was recorded in diabetic pa-
tients treated with appropriate diet and tolbutamide as compared 
with those treated with diet alone. Later generally retrospective 
cohort studies have reported contradictory results. In the large 
UKPDS trial3, no increase was recorded in cardiovascular risk, 
whereas an opposite conclusion has been reported from some 
other studies. It has been concluded that besides the effect of the 
group of drugs, there are differences in the action of particular 
drugs. The cardiovascular risk increase may be consequential 
to the anti-vasodilatory action due to blocking the ATP sensitive 
potassium channels on coronary arteries and the proarrhythmic 
action on the myocardium. Studies performed on animal myo-
cardium models found glibenclamide to increase the risk of ex-
trasystole, tachyarrhythmia and fibrillation in ischemic condi-
događaja pozicioniralo je metformin kao prvi lijek izbora u 
preuhranjenih dijabetičara tipa 2. Velikom je metaanalizom 
potvrđen povoljan učinak metformina na kardiovaskularne 
događaje i smrtnost, posebno u dugotrajnom liječenju i u mla-
đih bolesnika21. Pritom je upozoreno na moguće nepovoljne 
učinke kombinacije metformina i preparata sulfonilureje.
Metformin je prije smatran kontraindiciranim u ZS-u zbog 
straha od laktične acidoze, no poslije je pokazao smanjenje 
ukupne smrtnosti, svih hospitalizacija i neželjenih događa-
ja22,23. U usporednoj studiji s drugim oralnim hipoglikemicima 
i inzulinom, metformin je u monoterapiji smanjio smrtnost 
za 35 %, u kombiniranoj terapiji za 28 %, dok su ostali lijekovi 
bez metformina imali neutralan učinak24. Osim smanjenja 
hiperglikemije, metformin djeluje povoljno na dislipidemiju, 
smanjuje agregaciju trombocita, aktivnost inhibitora aktiva-
tora plazminogena-1 (PAI-1), endotelnu disfunkciju i kroničnu 
vaskularnu upalu25. U posebnom istraživanju Masoudi i sur. 
pokazali su da je učestalost laktične acidoze u bolesnika koji 
uzimaju metformin bila manja (2,3 %) nego u kontrolnoj sku-
pini (2,6 %)26. U sustavnoj Cochrane analizi 347 prospektivnih, 
komparativnih i opservacijskih kohortnih studija, učestalost 
laktične acidoze u bolesnika liječenih metforminom bila je 
4,3/100 000 bolesnika, a u nemetforminskoj skupini 5,4/100 
00027. Rizik od laktične acidoze raste u bolesnika s ošteće-
nom bubrežnom funkcijom i eGFR-om < 50, a kod eGFR-a < 30 
metformin treba izbjegavati. U dijabetičara s eGFR-om 30 – 50 
metformin se može rabiti uz pojačan oprez, a terapijska odlu-
ka ovisi o svim individualnim osobinama bolesnika28.
Preparati sulfonilureje i meglitinidi
Preparati sulfonilureje i analozi sulfonilureje (meglitinidi) 
najstarija su skupina oralnih antihiperglikemika. Blokirajući 
na ATP osjetljive kalijske kanale na beta-stanicama Langer-
hansovih otoka, potiču sekreciju inzulina te se stoga naziva-
ju i inzulinskim sekretagogima. Čine drugu liniju liječenja 
DMT2 kada monoterapijom metforminom, glitazonima, DPP-
4 inhibitorima ili GLP-1 analozima nije postignuta zadovolja-
vajuća kontrola glukotrijade. U monoterapiji se primjenjuju u 
slučaju kontraindikacija za druge antidijabetike.
Njihova kardiovaskularna sigurnost, još od objave rezultata 
poznate University Group Diabetes Programme (UGDP) studije29, 
u kojoj su dijabetičari liječeni adekvatnom prehranom i tolbu-
tamidom imali povećan kardiovaskularni rizik u usporedbi s 
bolesnicima liječenima samo dijetom, predmet je rasprava već 
dugi niz godina, a postojeće, uglavnom retrospektivne kohor-
tne studije, rezultirale su kontradiktornim podatcima. U velikoj 
UKPDS studiji3 nije zabilježen povećan kardiovaskularni rizik, 
dok je zaključak drugih studija bio suprotan. Zaključeno je da, 
osim učinka skupine, postoje razlike u djelovanju pojedinih lije-
kova. Povećanje kardiovaskularnog rizika moguća je posljedica 
antivazodilatacijskoga djelovanja zbog blokade na ATP osjetlji-
vih kalijskih kanala na koronarnim arterijama te proaritmijskog 
djelovanja na miokard. Rezultati studija na modelima animal-
nog miokarda utvrdili su da u uvjetima ishemije glibenklamid 
povećava rizik od ekstrasistolije, tahiaritmije i fibrilacije, dok 
gliklazid djeluje protektivno u bazalnim i ishemičnim uvjeti-
ma30-32. Retrospektivna kohortna studija provedena na 5631 di-
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tions, whereas gliclazide had protective action in baseline and 
ischemic conditions30-32. A retrospective cohort study including 
5631 diabetic patients found an annual incidence of heart fail-
ure of 4.4/100 diabetic patients treated with sulfonylureas ver-
sus 3.3/100 diabetic patients on metformin; the risk was dose 
dependent [hazard ratio (HR) 1.38; 95% confidence interval (CI) 
1.20-1.60]33. According to the observational study in diabetic pa-
tients on combined therapy with insulin secretagogues and met-
formin, mortality was higher in the glibenclamide group as com-
pared with the groups on repaglinide, gliclazide or glimepiride34. 
Similar results have also been reported from a study in 107,806 
diabetic patients, where total mortality was higher in the groups 
treated with glimepiride, glipizide, glibenclamide or tolbutamide 
as compared with those on metformin, but there was no statisti-
cally significant difference for gliclazide and repaglinide groups 
in comparison with metformin group35. As some of these studies 
suffered from certain drawbacks in design, it is not clear whether 
the increased cardiovascular risk was a consequence of sulfo-
nylurea action or there was a protective effect of metformin36,37. 
Thiazolidinediones 
Thiazolidinediones (TZD, PPARγ agonists) increase insulin sen-
sitivity of skeletal muscle and reduce hepatic glucose production 
through activation of the peroxisome proliferator-activated re-
ceptor γ (PPARγ), thus acting favorably on glycemic regulation, in 
obese DMT2 patients in particular38. These agents do not increase 
the risk of hypoglycemia and have longer action than metformin 
and sulfonylureas39. An unfavorable property of TZD is their ‘al-
dosterone’ effect in distal and collecting tubules of the kidney, 
where they cause sodium and water reabsorption, thus increasing 
the risk of edema and manifest heart failure in diabetic patients 
with asymptomatic left ventricular dysfunction2,24. Meta-anal-
yses of clinical trials with rosiglitazone found an increased risk 
of all macrovascular events, myocardial infarction in particular, 
in comparison with various comparators8,9. In the RECORD study, 
rosiglitazone increased the risk of nonfatal and fatal heart failure 
significantly, i.e. in the intent-to-treat analysis by 110% (p<0.001) 
and in the per-protocol + 30 days analysis by 91% (p=0.013)7. There-
fore, EMA suspended rosiglitazone from the European market, 
whereas on the US market the use of rosiglitazone is approved un-
der a special prescription program.
In contrast to rosiglitazone, pioglitazone showed beneficial ef-
fects on preventing cardiovascular events. In the PROactive study, 
pioglitazone in comparison with placebo reduced the combined 
secondary outcome (total mortality, myocardial infarction and 
stroke) in high-risk diabetic patients with macrovascular disease 
by 16% (p=0.027)40. The risk of several isolated secondary outcomes 
was also reduced significantly, as follows: stroke by 47% (p=0.008); 
recurrent acute coronary syndrome by 37% (p=0.035); and myocar-
dial reinfarction by 28% (p<0.045)41,42. In a meta-analysis of the car-
diovascular risk of TZD, unlike rosiglitazone, pioglitazone reduced 
the risk of all macrovascular events and myocardial infarction in 
comparison with comparators43. The FDA meta-analysis of clinical 
trials of pioglitazone also demonstrated the beneficial effect of this 
drug on cardiovascular event reduction44. Due to the increased risk 
of edema and heart failure, pioglitazone is not allowed for use in pa-
tients with NYHA grade I-IV heart failure in Europe and in those 
with NYHA grade III-IV in the USA. In favor of pioglitazone, it should 
jabetičaru utvrdila je godišnju incidenciju zatajivanja srca od 
4,4/100 dijabetičara liječenih preparatima sulfonilureje, u uspo-
redbi s 3,3/100 dijabetičara liječenih metforminom, a rizik je bio 
ovisan o dozi (HR 1,38, 95 % CI 1,20 – 1,60)33. Prema opservacijskoj 
studiji u dijabetičara na kombiniranoj terapiji inzulinskim se-
kretagogima i metforminom, smrtnost je bila veća u skupini li-
ječenoj glibenklamidom u odnosu prema skupinama liječenima 
repaglinidom, gliklazidom i glimepiridom34. Slične je rezultate 
dala i studija provedena na 107 806 dijabetičara, u kojoj je u sku-
pinama liječenima glimepiridom, glipizidom, glibenklazidom 
ili tolbutamidom ukupna smrtnost bila veća negoli u bolesnika 
liječenih metforminom, dok se rezultati za gliklazid i repaglinid 
nisu statistički značajno razlikovali od skupine liječene metfor-
minom35. Zbog nedostatka u dizajnu nekih od navedenih stu-
dija, nije jasno je li povećani kardiovaskularni rizik posljedica 
djelovanja preparata sulfonilureje ili je posrijedi bio protektivni 
učinak metformina36,37.
Tijazolidindioni
Aktivacijom PPARγ receptora (engl. peroxisome proliferator-
activated receptor γ) tijazolidindioni (TZD) (PPARγ agonisti) 
povećavaju inzulinsku osjetljivost skeletnih mišića i smanju-
ju jetrenu produkciju glukoze. Time povoljno djeluju na regu-
laciju glikemije, posebno u pretilih dijabetičara tipa 238. Sami 
ne povećavaju rizik od hipoglikemije i imaju trajniji učinak 
od metformina i preparata sulfonilureje39. Nepovoljna okol-
nost kod TZD-a jest njihov "aldosteronski" učinak u distalnim 
i sabirnim bubrežnim kanalićima, gdje izazivaju reapsorpci-
ju natrija i vode, povećavajući rizik od pojave edema i mani-
festnog ZS-a u dijabetičara s asimptomatskom disfunkcijom 
lijeve klijetke2,24. Metaanalize kliničkih ispitivanja rosiglita-
zona utvrdile su povećan rizik od svih makrovaskularnih do-
gađaja, posebno infarkta miokarda, u usporedbi s različitim 
komparatorima8,9. Rosiglitazon je u RECORD studiji znatno 
povećavao rizik od nefatalnog i fatalnog ZS-a, u intent-to-tre-
at analizi za 110 % (p < 0,001), a u per protocol + 30 days analizi 
za 91 % (p = 0,013)7. EMA je stoga suspendirala rosiglitazon s 
europskoga tržišta, dok je na američkom tržištu upotreba ro-
siglitazona dopuštena pod određenim uvjetima. 
Nasuprot rosiglitazonu, pioglitazon je pokazao povoljne učin-
ke na prevenciju kardiovaskularnih događaja. U PROactive 
studiji pioglitazon je, u usporedbi s placebom, u visokorizičnih 
dijabetičara s makrovaskularnom bolešću smanjio kombinirani 
sekundarni ishod (ukupnu smrtnost, infarkt miokarda i možda-
ni udar) za 16 % (p = 0,027)40. Znatno je smanjen i rizik u više po-
jedinačnih sekundarnih ishoda: od ponovnog moždanog udara 
za 47 % (p = 0,008), od ponovnoga akutnog koronarnog sindroma 
za 37 % (p = 0,035) i od ponovnog infarkta miokarda za 28 % (p 
< 0,045)41,42. U meta-analizi kardiovaskularnog rizika od TZD-a 
pioglitazon je, različito i suprotno od rosiglitazona, smanjivao 
rizik od svih makrovaskularnih događaja i infarkta miokarda, 
u usporedbi s komparatorima9,43. I FDA metaanaliza kliničkih is-
pitivanja pioglitazona pokazala je takav pozitivan učinak lijeka 
na smanjenje kardiovaskularnih događaja44. Zbog povećanog 
rizika od pojave edema i ZS-a pioglitazon u Europi nije dopušten 
u bolesnika sa ZS-om NYHA I. – IV. stupnja, a u SAD-u u NYHA 
III. – IV. stupnja. Povoljna je okolnost činjenica da u studijama 
pioglitazona nije bila riječ o fatalnom zatajivanju srca, dakle po-
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be noted that those pioglitazone studies did not involve fatal heart 
failure, i.e. there was no mortality increase, while the occurrence 
of edema could be well controlled by diuretic therapy. Besides the 
PROactive study, favorable therapeutic effects of pioglitazone have 
also been reported from a number of small clinical trials with sur-
rogate endpoints. In the QUARTET study, pioglitazone monotherapy 
proved superior to gliclazide in regulating fasting glycemia, less fre-
quent hypoglycemia and better effect on triglycerides, high density 
lipoprotein (HDL) cholesterol and total cholesterol/HDL cholesterol 
ratio45. In the CHICAGO study, pioglitazone, but not the compara-
tor glimepiride, prevented progression of carotid atherosclerosis 
as measured by the intima/media thickness (IMT)46. A similar anti 
atherosclerotic action of pioglitazone in comparison with glime-
piride in the prevention of coronary atherosclerosis was found in 
the PERISCOPE study, in which the progression of coronary plaques 
was analyzed by intravascular ultrasound (IVUS)47. Although these 
were small trials with surrogate endpoints, the overall results of all 
clinical trials of pioglitazone have confirmed the importance of this 
agent in the management of DMT2 patients, those overweight in 
particular, where peripheral insulin resistance has a major patho-
physiological role48. A fixed combination of metformin and piogl-
itazone is an excellent therapeutic choice in these patients, with 
the exception of those with seriously damaged renal function and 
NYHA grade I-IV heart failure.
Dipeptidyl peptidase-4 (DPP-4) Inhibitors 
These are a newer group of antidiabetic drugs that decrease the 
level of blood glucose by inactivating the dipeptidyl peptidase-4 
(DPP-4) enzyme. Inhibition of this enzyme reduces incretin break-
down, thus increasing insulin secretion, decreasing glucagon se-
cretion and slowing down gastric emptying. DPP-4 inhibitors act 
favorably on appetite, have neutral effect on body weight, and do 
not cause hypoglycemia. The first drug from the group of DPP-4 
inhibitors is sitagliptin, and the others are vildagliptin, linagliptin, 
omarigliptin and alogliptin, some of these still in the phase of de-
velopment or research49. Cardiovascular effects of DPP-4 inhibi-
tors in high-risk DMT2 patients have been investigated in three 
large randomized studies (alogliptin in EXAMINE, saxagliptin in 
SAVOR-TIMI 53, and sitagliptin in TECOS), while a number of simi-
lar studies are just being under way (linagliptin in CAROLINA and 
CARMELINA, and omarigliptin in MK-3102-015 AMI and MK-3102-
018) (Figure 2)49-52. In the large, well designed, placebo-controlled 
EXAMINE study, alogliptin did not increase the risk of major ad-
verse cardiovascular events (MACE) in DMT2 patients with recent 
acute coronary syndrome (<90 days of randomization). A decreas-
ing trend of cardiovascular mortality is described, however, with-
out reaching statistical significance49-51. Results of the EXAMINE, 
SAVOR-TIMI 53 and TECOS studies confirm cardiovascular safety 
of DPP-4 inhibitors, which neither reduced nor increased the prev-
alence of MACE in these three studies49.
However, in the SAVOR-TIMI 53 study, an unexpected and signifi-
cant 27% (p=0.007) increase in the rate of hospitalizations for heart 
failure was recorded in the group of patients on saxagliptin52. A re-
cent meta-analysis found no differences in MACE and total mor-
tality between DPP-4 inhibitors and placebo but the prevalence of 
heart failure was by 16% greater (p=0.04) in the group of patients on 
DPP-4 inhibitors53. Another meta-analysis of cardiovascular safety 
of DPP-4 inhibitors has also pointed to a comparable increase in the 
većanju smrtnosti, te da se pojava edema mogla dobro kontro-
lirati diuretskom terapijom. Osim u PROactive studiji, pozitivni 
terapijski učinci pioglitazona opisani su i u nekoliko manjih kli-
ničkih ispitivanja sa surogatnim ciljevima. U QUARTET studiji 
monoterapija pioglitazonom bila je superiorna u odnosu prema 
terapiji gliklazidom po boljoj regulaciji glikemije natašte, rjeđoj 
pojavi hipoglikemije te povoljnijem učinku na trigliceride, HDL 
kolesterol i omjer ukupni kolesterol/HDL45. U CHICAGO studi-
ji pioglitazon je prevenirao progresiju karotidne ateroskleroze 
mjerenu IMT-om (engl. intima/media thickness), ali ne i kompa-
rator glimepirid46. Slično antiaterosklerotsko djelovanje piogli-
tazona u prevenciji koronarne ateroskleroze, u usporedbi s gli-
mepiridom, nađeno je i u PERISCOPE studiji, u kojoj je progresija 
koronarnih plakova analizirana IVUS-om (engl. intravascular 
ultrasound)47. Iako je bila riječ o manjim studijama sa surogat-
nim ciljevima, ukupni rezultati svih kliničkih ispitivanja piogli-
tazona potvrđuju važno mjesto lijeka u liječenju dijabetičara tipa 
2, posebno preuhranjenih, u kojih periferna inzulinska rezisten-
cija ima važnu patofiziološku ulogu48. Fiksna kombinacija met-
formin-pioglitazon u takvih je bolesnika odličan terapijski izbor, 
osim u bolesnika sa znatno oštećenom bubrežnom funkcijom i 
ZS-om NYHA I. – IV. stupnja.
Inhibitori dipeptidil-peptidaze 4  
(DPP-4 inihibitori) 
Riječ je o novijoj skupini antidijabetika koji smanjuju razinu glu-
koze u krvi inaktivacijom enzima dipeptidil-peptidaze 4. Inhi-
bicija tog enzima smanjuje razgradnju inkretina, što povećava 
izlučivanje inzulina, smanjuje lučenje glukagona i usporuje pra-
žnjenje želudca. DPP-4 inhibitori djeluju povoljno na têk, imaju 
neutralan učinak na tjelesnu težinu i sami ne izazivaju hipogli-
kemiju. Prvi lijek iz skupine DPP-4 inhibitora jest sitagliptin, a 
ostali su lijekovi iz skupine vildagliptin, linagliptin, omarigliptin 
i alogliptin, od kojih su neki još u fazama razvoja ili istraživa-
nja49. Kardiovaskularni učinci DPP-4 inhibitora u visokorizičnih 
dijabetičara tipa 2 istraženi su u trima velikim randomiziranim 
studijama (alogliptin u EXAMINE, saxagliptin u SAVOR-TIMI 
53 i sitagliptin u TECOS), a nekoliko je sličnih velikih studija u 
tijeku (linagliptin u CAROLINA i CARMELINA, omarigliptin u 
MK-3102-015 AM1 i MK-3102-018) (slika 2)49-52. U velikom, dobro 
dizajniranom, placebom kontroliranom EXAMINE istraživanju, 
alogliptin nije povećavao rizik od velikih kardiovaskularnih 
događaja u dijabetičara tipa 2 s nedavno preboljelim akutnim 
koronarnim sindromom (AKS < 90 dana od randomizacije). Opi-
san je trend smanjenja kardiovaskularne smrtnosti, ali nije bio 
statistički značajan49-51. Rezultati EXAMINE, SAVOR-TIMI 53 i 
TECOS potvrđuju kardiovaskularnu sigurnost DPP-4 inhibitora, 
koji ni u jednoj od spomenutih triju studija nisu niti smanjivali 
niti povećavali učestalost velikih kardiovaskularnih događaja 
(engl. major cardiovascular events, MACE)49.
Ipak, u SAVOR-TIMI 53 istraživanju u skupini liječenoj saxa-
gliptinom opisan je neočekivan znatan porast hospitalizacija 
zbog ZS-a od 27 % (p = 0,007)52. Nedavna metaanaliza nije našla 
razlike u MACE i ukupnoj smrtnosti usporedbom DPP-4 inhi-
bitora s placebom, ali je učestalost ZS-a zbog liječenja DPP-4 
inhibitorima bila 16 % veća (p = 0,04)53. Na sličan porast ZS-a 
upozorila je i jedna druga metaanaliza kardiovaskularne si-
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rate of heart failure54. In the EXAMINE study, the 19% increase in 
hospitalizations for heart failure recorded in the group of patients 
on alogliptin was not statistically significant (p=NS) and subse-
quent post-hoc analysis revealed no difference between alogliptin 
and placebo in the combined endpoint of hospitalization for heart 
failure and cardiovascular mortality55. In the TECOS study, sitag-
liptin did not increase the rate of heart failure; this variation from 
other studies with DPP-4 inhibitors in the prevalence of heart fail-
ure could be explained by differences in the characteristics of study 
populations, other therapies, definition and recording of heart fail-
ure, intrinsic pharmacological differences among particular DPP-4 
inhibitors, or just as mere coincidence56.
Anyway, the absolute risk of heart failure with DPP-4 is low, 
associated with other frequently taken drugs (sulfonylurea de-
rivatives and thiazolidinediones) and still a controversial issue. 
Results of the large randomized studies that are under way (CAR-
OLINA, CARMELINA, MK-3102-015 AMI and MK-3102-018) and fu-
ture clinical trials will certainly contribute to better understand-
ing of the cardiovascular effects and safety of DPP-4 inhibitors49.
Subtype 2 Sodium-Glucose Transport (SGLT-
2) Inhibitors (Gliflozines) 
Subtype 2 sodium-glucose transport (SGLT-2) inhibitors are a rel-
atively novel group of oral antihyperglycemics, so as yet there are 
little data on their cardiovascular safety. SGLT-2 is a transmem-
brane protein performing sodium dependent glucose reabsorp-
tion and is responsible for about 90% of overall glucose reabsorp-
tion in proximal renal tubule. This new group of drugs stimulate 
renal excretion of glucose by inhibiting this protein activity, thus 
reducing hyperglycemia, increasing desirable total calorie defi-
cit, stimulating osmotic diuresis and lowering arterial pressure, 
thus eventually reducing the cardiovascular risk. The efficacy of 
SGLT-2 inhibitors has been investigated in a number of studies. 
In the CANTATA-SU study, which included 1452 diabetic patients 
that failed to achieve satisfactory glycemia control on metformin 
(mean HbA1c 7.8%), the efficacy of add-on canagliflozin in a dose 
of 100 mg or 300 mg was compared with glimepiride (mean dose 
5.6 mg). In both canagliflozin groups, HbA1c reduction was simi-
lar to that recorded with glimepiride, and was somewhat better 
in the group on a higher dose of canagliflozin (0.81% and 0.82%, 
respectively, vs. 0.93%). Canagliflozin had a beneficial effect on 
weight loss (-4.2 to -4.4 kg) as compared with glimepiride (+0.8 
kg), but with a higher prevalence of genital fungal infections57. 
According to a meta-analysis that included data on 2313 diabetic 
patients, 1332 of them on antihypertensive therapy, canagliflozin 
in doses of 100 mg and 300 mg decreased systolic blood pressure 
by a mean of 4.3 mm Hg and 5.0 mm Hg, respectively, in com-
parison with placebo. The respective diastolic blood pressure 
decrease was 2.5 mm Hg and 2.4 mm Hg versus 0.6 mm Hg on 
placebo. Greater arterial pressure decrease was recorded in the 
group of hypertensive than in normotensive diabetic patients58.
The EMPA-REG OUTCOME study assessed cardiovascular 
safety of empagliflozin during a mean 3.1-year treatment. The 
primary composite endpoint consisted of cardiovascular mor-
tality, nonfatal myocardial infarction and stroke. Empagliflozin 
was superior to placebo in primary outcome reduction [10.5% vs. 
12.1%; hazard ratio (HR) 0.86; 95% confidence interval (CI) 0.74-
gurnosti DPP-4 inhibitora54. U EXAMINE ispitivanju u skupini 
liječenoj alogliptinom trend porasta hospitalizacija zbog ZS-a 
od 19 % nije bio značajan (p = NS)51, a kasnija post-hoc analiza 
nije našla razlike između alogliptina i placeba u kombiniranom 
ishodu hospitalizacija zbog zatajivanja srca i kardiovasku-
larnoj smrtnosti55. Sitagliptin u TECOS studiji nije povećavao 
ZS, a ovakvu razliku u učestalosti ZS-a u usporedbi s drugim 
ispitivanjima DPP-4 inhibitora moguće je objasniti razlikama 
u osobinama uključenih ispitanika, ostaloj terapiji, definiciji i 
registraciji ZS-a, intrinzičnim farmakološkim razlikama među 
različitim DPP-4 inhibitorima ili mogućoj čistoj slučajnosti56.
U svakom slučaju, apsolutni je rizik od ZS-a kod DPP-4 in-
hibitora nizak, povezan i s drugim često rabljenim lijekovima 
(derivatima sulfonilureje i tijazolidindionima) te još uvijek 
kontroverzan. Rezultati velikih randomiziranih studija u tije-
ku (CAROLINA, CARMELINA, MK-3102-015 AM1, MK-3102-018) 
i budućih kliničkih istraživanja sigurno će pridonijeti još bo-
ljem razumijevanju kardiovaskularnih učinaka i sigurnosti 
DPP-4 inhibitora49.
SGLT2 inhibitori (gliflozini)
SGLT2 inhibitori (engl. subtype 2 sodium-glucose transport 
(SGLT-2) inhibitors) relativno su nova skupina oralnih antihi-
perglikemika i nema mnogo podataka o njihovoj kardiovasku-
larnoj sigurnosti. SGLT2 je transmembranski protein koji obav-
lja o natriju ovisnu reapsorpciju glukoze i odgovoran je za oko 
90 % ukupne reapsorpcije glukoze u proksimalnom bubrežnom 
tubulu. Njegovom inhibicijom navedena skupina lijekova poti-
če bubrežnu ekskreciju glukoze i na taj način smanjuje hiper-
glikemiju, povećava poželjni ukupni kalorijski deficit, potiče 
osmotsku diurezu i snizuje arterijski tlak, smanjujući time kar-
diovaskularni rizik. Učinkovitost SGLT2 inhibitora ispitivana je 
u nekoliko studija. U CANTATA-SU studiji na 1452 dijabetičara 
kojima metforminom nije postignuta zadovoljavajuća regula-
cija glikemije (prosječna vrijednost HbA1c 7,8 %), uspoređivana 
je učinkovitost dodanog kanagliflozina u dozi od 100 mg ili 300 
mg s glimepiridom (prosječna doza 5,6 mg). Redukcija HbA1c u 
obje skupine s kanagliflozinom bila je slična s glimepiridom, 
nešto bolja u liječenih većom dozom kanagliflozina (0,81 % ili 
0,82 %, odnosno 0,93 %). Uočen je povoljan učinak kanagliflozi-
na na smanjenje tjelesne težine (-4,2 do -4,4 kg) u usporedbi s 
glimepiridom (+0,8 kg), ali uz veću učestalost gljivičnih infek-
cija spolnih organa57. U metaanalizi koja je uključivala podatke 
2313 dijabetičara, od toga 1332 na antihipertenzivnoj terapiji, u 
usporedbi s placebom kanagliflozin je u dozi od 100 mg pro-
sječno smanjio sistolički tlak za 4,3 mmHg, a u dozi od 300 mg 
za 5,0 mmHg. Odgovarajuće sniženje dijastoličkoga tlaka izno-
silo je 2,5 i 2,4 mmHg (0,6 mmHg na placebu). Veće sniženje 
arterijskoga tlaka postignuto je u skupini hipertoničara negoli 
u normotenzivnih dijabetičara58.
U EMPA-REG OUTCOME studiji analizirana je kardiovasku-
larna sigurnost empagliflozina tijekom prosječno 3,1 godine 
liječenja. Primarni složeni ishod sastojao se od kardiovasku-
larne smrtnosti, nefatalnog infarkta miokarda i moždanog 
udara. Empagliflozin je bio superioran u usporebi s placebom 
u smanjenju primarnog ishoda (10,5 % prema 12,1 %, HR 0,86% 
CI 0,74-0,99, p = 0,0382). U analizi pojedinačnih ishoda empa-
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FIGURE 2. Overview of cardiovascular outcome trials (CVOTs) of glucose-lowering drugs.
0.99; p=0.0382]. Analysis of particular outcomes revealed empa-
gliflozin to have significantly decreased cardiovascular mortal-
ity by 38% (p<0.0001), rate of hospitalization for heart failure by 
35% (p=0.0017) and total mortality by 32% (p<0.0001)59.
A meta-analysis of 21 phase 2b and 3 studies investigated 
the effect of dapagliflozin on MACE. Upon patient stratification 
for additional risk factors for MACE, it was concluded that da-
pagliflozin did not increase the risk of MACE either in diabetic 
patients without [hazard ratio (HR) 0.77; 95% confidence interval 
(CI) 0.54-1.10] or with additionally increased cardiovascular risk 
[hazard ratio (HR) 0.80; 95% confidence interval (CI) 0.52-1.22]60.
A number of studies on cardiovascular safety and efficacy of 
SGLT2 inhibitors are just being under way (REFORM, CANVAS, 
CREDENCE, and DECLARE-TIMI 58) (Figure 2)61-64.
The possible side effects of gliflozin include hypoglycemia 
(more frequently in the population of diabetic patients treated 
with a combination of gliflozin and sulfonylureas or insulin), re-
nal function worsening, orthostatic hypotension and urogenital 
infections. Several cases of urosepsis and euglycemic ketoaci-
dosis have also been described. Therefore, a specific warning 
was issued by FDA in May 2015 and by EMA in July 2015. Namely, 
SGLT2 was expressed on α cells of the islands of Langerhans and 
its inhibition stimulates glucagon secretion; the more so, ketone 
transporters in the kidney may also be inhibited, which would 
increase the level of ketone bodies in the blood65. The risk of ke-
toacidosis is greater in patients treated with a combination of 
gliflozin and metformin. SGLT2 inhibitors are not recommended 
at eGFR <60 mL/min/1.73 m2. If eGFR falls below 60 upon drug 
introduction, the dose should be decreased and at eGFR <45 the 
drug should be discontinued. In patients with heart failure, the 
use of gliflozin is limited by the use of diuretics and mineralocor-
ticoid receptor antagonists due to the higher risk of orthostatic 
hypotension, renal function impairment and hyperkalemia65.
gliflozin je znatno smanjio kardiovaskularnu smrtnost za 38 
% (p < 0,0001), hospitalizacije zbog zatajivanja srca za 35 % (p = 
0,0017) i ukupnu smrtnost za 32 % (p < 0,0001)59.
Metaanaliza 21 studije faze 2b i 3 istraživala je utjecaj da-
pagliflozina na MACE. Nakon stratifikacije bolesnika prema 
dodatnim čimbenicima rizika za MACE, zaključeno je da da-
paglifozin ne povećava rizik od MACE u skupini dijabetičara 
bez dodatno povećanog kardiovaskularnog rizika (HR 0,77, CI 
0,54 – 1,10) ni u skupini bolesnika s dodatno povećanim kardi-
ovaskularnim rizikom (HR 0,80, CI 0,52 – 1,22)59.
U tijeku je nekoliko studija o kardiovaskularnoj sigurnosti 
i učinkovitosti SGLT2 inihibitora (REFORM, CANVAS, CRE-
DENCE, DECLARE-TIMI 58) (slika 2.)61-64.
Moguće nuspojave gliflozina jesu hipoglikemija, češće u 
populaciji dijabetičara liječenih kombinacijom gliflozina i 
preparata sulfonilureje ili inzulinom, pogoršanje bubrežne 
funkcije, ortostatska hipotenzija i genitourinarne infekcije. 
Zabilježeno je i nekoliko slučajeve urosepse i euglikemijske 
ketoacidoze. Zbog toga su FDA u svibnju 2015. i EMA u srpnju 
2015. godine izdale posebno upozorenje. Naime, SGLT2 je ek-
sprimiran na α-stanicama Langerhansovih otoka te njegova 
inhibicija potiče sekreciju glukagona, a moguća je i inhibicija 
transportera za ketone u bubregu, što može povećati ketonska 
tijela u krvi65. Rizik od ketoacidoze veći je u bolesnika liječe-
nih kombinacijom gliflozina i metformina. SGLT2 inhibitori 
se ne preporučuju kod eGFR-a < 60 mL/min/1,73 m2. Ako vri-
jednost eGFR-a nakon uvođenja lijeka padne na manje od 60, 
dozu treba smanjiti, a kod eGFR-a < 45 lijek treba ukinuti. Upo-
trebu gliflozina u bolesnika sa ZS-om ograničava upotreba 
diuretika i antagonista mineralokortikoidnih receptora zbog 
povećanog rizika od ortostatske hipotenzije, pogoršanja bu-
brežne funkcije i hiperkalijemije65.
Cardiovascular safety of oral antidiabetic drugs
Cardiologia Croatica
2016;11(7):293.
Zaputović L, Rubeša Miculinić Ž, Matijević Rončević S, Gobić D, Zaninović Jurjević T
LITERATURE
1. Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, Di Angelantonio E, et al; Emerging Risk Factors Collaboration. Diabetes mellitus, fasting blood glucose concentration, and risk of vascular 
disease: a collaborative meta-analysis of 102 prospective studies. Lancet. 2010;375(9733):2215-22. DOI: http://dx.doi.org/10.1016/S0140-6736(10)60484-9
2. Ryden L, Grant PJ, Anker SD, Berne C, Cosentino F, Danchin N, et al. ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed with collaboration with the EASD: the 
Task Force on diabetes, pre-diabetes, and cardiovascular diseases of the European Society of Cardiology (ESC) and developed in collaboration with the European Association for the Study 
of Diabetes (EASD). Eur Heart J. 2013;34(39):3035-87. DOI: http://dx.doi.org/10.1093/eurheartj/eht108
3. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in patients 
with type 2 diabetes. (UKPDS 33). Lancet. 1998;352(9131):837-53. DOI: http://dx.doi.org/10.1016/S0140-6736(98)07019-6
4. Ginsberg HN. The ACCORD (Action to Control Cardiovascular Risk in Diabetes) Lipid trial: what we learn from subgroup analyses. Diabetes Care. 2011;34 Suppl 2:S107-8.  
DOI: http://dx.doi.org/10.2337/dc11-s203
5. Heller SR; ADVANCE Collaborative Group. A summary of the ADVANCE Trial. Diabetes Care. 2009;32 Suppl 2:S357-61. DOI: http://dx.doi.org/10.2337/dc09-S339
6. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven PD, et al; VADT Investigators. Glucose control and vascular complications in veterans with type 2 diabetes. N Engl J Med. 
2009;360(2):129-39. DOI: http://dx.doi.org/10.1056/NEJMoa0808431 
7. Komajda M, McMurray JJ, Beck-Nielsen H, Gomis R, Hanefeld M, Pocock SJ, et al. Heart failure events with rosiglitazone in type 2 diabetes: data from the RECORD clinical trial. Eur Heart J. 
2010;(7):824-31. DOI: http://dx.doi.org/10.1093/eurheartj/ehp604
8. Nissen SE, Wolski K. Rosiglitazone revisited: an updated meta-analysis of risk for myocardial infarction and cardiovascular mortality. Arch Intern Med. 2010;170(14):1191-201.  
DOI: http://dx.doi.org/10.1001/archinternmed.2010.207
9. Schernthaner G, Chilton R. Cardiovascular risk and thiazolidinediones - what do meta-analyses really tell us? Diabetes Obes Metab. 2010;12(12):1023-35.  
DOI: http://dx.doi.org/10.1111/j.1463-1326.2010.01262.x
10. U.S. Department of Health and Human Services Food and Drug Administration Center for Drug Evaluation and Research (CDER). FDA Guidance for Industry. Diabetes mellitus - evaluating 
cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. 2008.  
Available from: http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf (18 May 2016).
11. McMurray J, Petrie M, Swedberg K, Komajda M, Anker S, Gardner R. Heart failure. In: Camm AJ, Luscher TF, Serruys PW, eds. The ESC Textbook of Cardiovascular Medicine. 2nd ed. New York: 
Oxford University Press; 2009:835-92.
12. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M, Dickstein K, et al. ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012: The Task Force for 
the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in collaboration with the Heart Failure Association (HFA) of the ESC. 
Eur Heart J. 2012;33(14):1787-847. DOI: http://dx.doi.org/10.1093/eurheartj/ehs104
13. Hrvatski zavod za javno zdravstvo, KB Merkur - Sveučilišna klinika Vuk Vrhovac. Nacionalni registar osoba sa šećernom bolešću, CroDiab. Izvješće za 2014.  
Available from: http://www.hzjz.hr/wp-content/uploads/2013/11/DM-WEBIZVJEŠĆE-ZA-2014.pdf (18 May 2016).
14. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estim ates of the prevalence of diabetes for 2011 and 2030. Diabetes Res Clin Pract. 2011;94(3):311-21.  
DOI: http://dx.doi.org/10.1016/j.diabres.2011.10.029
15. MacDonald MR, Petrie MC, Hawkins NM, Petrie JR, Fisher M, McKelvie R, et al. Diabetes, left ventricular systolic dysfunction and chronic heart failure. Eur Heart J. 2008;29(10):1224-40.  
DOI: http://dx.doi.org/10.1093/eurheartj/ehn156
16. Ivanuša M, Kralj V. Epidemiologija zatajivanja srca u Republici Hrvatskoj. Medix. 2014;20(112):76-82. Available from: http://www.kardio.hr/wp-content/uploads/2014/12/medix_112_76-82.pdf 
(18 May 2016).
17. Zaputović L, Zaninović Jurjević T, Ružić A. Klinička slika zatajivanja srca. Medix. 2014;20(112):90-4. Available from: http://www.kardio.hr/wp-content/uploads/2014/12/medix_112_90-94.pdf 
(18 May 2016).
18. Selthofer-Relatić K, Drenjančević I. Čimbenici rizika za kronično zatajivanje srca. Medix. 2014;20(112):84-8. 
Available from: http://www.kardio.hr/wp-content/uploads/2014/12/medix_112_84-88.pdf (18 May 2016).
19. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-glucose control with metformin on complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet. 
1998;352(9131):854-65. DOI: http://dx.doi.org/10.1016/S0140-6736(98)07037-8
20. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of intensive glucose control in type 2 diabetes. N Engl J Med. 2008;359(15):1577-89.  
DOI: http://dx.doi.org/10.1056/NEJMoa0806470
21. Lamanna C, Monami M, Marchionni N, Mannucci E. Effect of metformin on cardiovascular events and mortality: a meta-analysis of randomized clinical trials. Diabetes Obes Metab. 
2011;13(3):221-8. DOI: http://dx.doi.org/10.1111/j.1463-1326.2010.01349.x
22. Eurich DT, McAlister FA, Blackburn DF, Majumdar SR, Tsuyuki RT, Varney J, et al. Benefits and harms of antidiabetic agents in patients with diabetes and heart failure: systematic review. 
BMJ. 2007;335(7618):497. DOI: http://dx.doi.org/10.1136/bmj.39314.620174.80
23. Aguilar D, ChanW, Bozkurt B, Ramasubbu K, Deswal A. Metformin use and mortality in ambulatory patients with diabetes and heart failure. Circ Heart Fail. 2011;4(1):53-8.  
DOI: http://dx.doi.org/10.1161/CIRCHEARTFAILURE.110.952556
24. MacDonald MR, Eurich DT, Majumdar SR, Lewsey JD, Bhagra S, Jhund PS, et al. Treatment of type 2 diabetes and outcomes in patients with heart failure: a nested case-control study from 
the U.K. General Practice Research Database. Diabetes Care. 2010;33(6):1213-8. DOI: http://dx.doi.org/10.2337/dc09-2227
25. Vague P, Juhan-Vague I, Alessi MC, Badier C, Valadier J. Metformin decreases the high plasminogen activator inhibition capacity, plasma insulin and triglyceride levels in non-diabetic 
obese subjects. Thromb Haemost. 1987;57(3):326-28. PubMed: http://www.ncbi.nlm.nih.gov/pubmed/3310318
26. Masoudi FA, Inzucchi SE, Wang Y, Havranek EP, Foody JM, Krumholz HM. Thiazolidinediones, metformin and outcomes in older patients with diabetes and heart failure: an observational 
study. Circulation. 2005;111(5):583-90. DOI: http://dx.doi.org/10.1161/01.CIR.0000154542.13412.B1
27. Salpeter S, Greyber E, Pasternak GA, Salpeter. Risk of fatal and nonfatal lactic acidosis with metformin use in type 2 diabetes mellitus. Cochrane Database Syst Rev. 2006;(1):CD002967. 
DOI: http://dx.doi.org/10.1002/14651858.CD002967.pub2
28. Abe M, Okada K, Soma M. Antidiabetic agents in patients with chronic kidney disease and end-stage renal disease on dialysis: metabolism and clinical practice. Curr Drug Metab. 
2011;12(1):57-69. DOI: http://dx.doi.org/10.2174/138920011794520053
29. Meinert CL, Knatterud GL, Prout TE, Klimt CR. A study of the effects of hypoglycemic agents on vascular complications in patients with adult-onset diabetes. Mortality results. Diabetes. 
1970;19:Suppl:789-830. PubMed: http://www.ncbi.nlm.nih.gov/pubmed/4926376
30. Cole WC, McPherson C, Sontag D. ATP-regulated K+ channels protect the myocardium against ischemic/reperfusion damage. Circ Res. 1991;69(3):571-81.  
DOI: http://dx.doi.org/10.1161/01.RES.69.3.571




Cardiovascular safety of oral antidiabetic drugs
32.  Cleveland JC Jr, Meldrum DR, Cain BS, Banerjee A, Harken AH. Oral Sulfonylurea Hypoglycemic Agents Prevent Ischemic Preconditioning in Human Myocardium Two Paradoxes Revisited. 
Circulation. 1997;96(1):29-32. DOI: http://dx.doi.org/10.1161/01.CIR.96.1.29
33.  McAlister FA, Eurich DT, Majumdar SR, Johnson JA. The risk of heart failure in patients with type 2 diabetes treated with oral agent. Eur J Heart Fail. 2008;10(7):703-8.  
DOI: http://dx.doi.org/10.1016/j.ejheart.2008.05.013
34.  Monami M, Luzzi C, Lamanna C, Chiasserini V, Addante F, Desideri CM, et al. Three-year mortality in diabetic patients treated with different combinations of insulin secretagogues and 
metformin. Diabetes Metab Res Rev. 2006;22(6):477-82. DOI: http://dx.doi.org/10.1002/dmrr.642
35.  Schramm TK, Gislason GH, Vaag A, Rasmussen JN, Folke F, Hansen ML, et al. Mortality and cardiovascular risk associated with different insulin secretagogues compared with metformin in 
type 2 diabetes, with or without a previous myocardial infarction: a nationwide study. Eur Heart J. 2011;32(15):1900-8. DOI: http://dx.doi.org/10.1093/eurheartj/ehr077
36.  Eurich DT, McAlister FA, Blackburn DF, Majumdar SR, Tsuyuki RT, Varney J, et al. Benefits and harms of antidiabetic agents in patients with diabetes and heart failure: systematic review. 
BMJ. 2007;335(7618):497. DOI: http://dx.doi.org/10.1136/bmj.39314.620174.80
37.  Aguilar D, ChanW, Bozkurt B, Ramasubbu K, Deswal A. Metformin use and mortality in ambulatory patients with diabetes and heart failure. Circ Heart Fail. 2011;4(1):53-8.  
DOI: http://dx.doi.org/10.1161/CIRCHEARTFAILURE.110.952556
38.  Yki-Jarvinen H. Thiazolidinediones. N Engl J Med. 2004;351(11):1106-18. DOI: http://dx.doi.org/10.1056/NEJMra041001
39.  Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR, Jones NP, et al. Glycemic durability of rosiglitazone, metformin, or glyburide monotherapy. N Engl J Med. 2006;355(23):2427-43. 
DOI: http://dx.doi.org/10.1056/NEJMoa066224
40.  Mazzone T, Meyer PM, Feinstein SB, Davidson MH, Kondos GT, D’Agostino RB Sr, et al. Effect of pioglitazone compared with glimepiride on carotid intima-media thickness in type 2 diabetes: 
a randomized trial. JAMA. 2006;296(21):2572-81. DOI: http://dx.doi.org/10.1001/jama.296.21.joc60158
41.  Wilcox R, Bousser MG, Betteridge DJ, Schernthaner G, Pirags V, Kupfer S, et al; PROactive Investigators. Effects of pioglitazone in patients with type 2 diabetes with or without previous 
stroke: results from PROactive (PROspective pioglitAzone Clinical Trial In macroVascular Events 04). Stroke. 2007;38(3):865-73. DOI: http://dx.doi.org/10.1161/01.STR.0000257974.06317.49
42.  Erdmann E, Dormandy JA, Charbonnel B, Massi-Benedetti M, Moules IK, Skene AM; PROactive Investigators. The effect of pioglitazone on recurrent myocardial infarction in 2,445 patients with 
type 2 diabetes and previous myocardial infarction: results from the PROactive (PROactive 05) Study. J Am Coll Cardiol. 2007;49(17):1772-80. DOI: http://dx.doi.org/10.1016/j.jacc.2006.12.048
43.  Yoshii H, Onuma T, Yamazaki T, Watada H, Matsuhisa M, Matsumoto M, et al; PROFIT-J Study Group. Effects of pioglitazone on macrovascular events in patients with type 2 diabetes mellitus 
at high risk of stroke: the PROFIT-J study. J Atheroscler Thromb. 2014;21(6):563-73. DOI: http://dx.doi.org/10.5551/jat.21626
44.  Betteridge DJ, DeFronzo RA, Chilton RJ. PROactive: time for a critical appraisal. Eur Heart J. 2008;29(8):969-83. DOI: http://dx.doi.org/10.1093/eurheartj/ehn114
45.  Charbonnel BH, Matthews DR, Schernthaner G, Hanefeld M, Brunetti P; QUARTET Study Group. A long-term comparison of pioglitazone and gliclazide in patients with Type 2 diabetes mel-
litus: a randomized, double-blind, parallel-group comparison trial. Diabet Med. 2005;22(4):399-405. DOI: http://dx.doi.org/10.1111/j.1464-5491.2004.01426.x
46.  Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Benedetti M, Moules IK, et al; PROactive Investigators. Secondary prevention of macrovascular events in patients with type 2 
diabetes in the PROactive Study (PROspective pioglitAzone Clinical Trial In macroVascular Events): a randomised controlled trial. Lancet. 2005;366(9493):1279-89.  
DOI: http://dx.doi.org/10.1016/S0140-6736(05)67528-9
47.  Nakayama T, Komiyama N, Yokoyama M, Namikawa S, Kuroda N, Kobayashi Y, et al. Pioglitazone induces regression of coronary atherosclerotic plaques in patients with type 2 diabetes 
mellitus or impaired glucose tolerance: a randomized prospective study using intravascular ultrasound. Int J Cardiol. 2010;138(2):157-65. DOI: http://dx.doi.org/10.1016/j.ijcard.2008.08.031
48.  Betteridge DJ. CHICAGO, PERISCOPE and PROactive: CV risk modification in diabetes with pioglitazone. Fundam Clin Pharmacol. 2009;23(6):675-9.  
DOI: http://dx.doi.org/10.1111/j.1472-8206.2009.00741.x
49.  Zhong J, Gong Q, Goud A, Srinivasamaharaj S, Rajagopalan S. Recent Advances in Dipeptidyl-Peptidase-4 Inhibition Therapy: Lessons from the Bench and Clinical Trials. J Diabetes Res. 
2015;2015:606031. DOI: http://dx.doi.org/10.1155/2015/606031
50.  Keating GM. Alogliptin: a review of its use in patients with type 2 diabetes mellitus. Drugs. 2015;75(7):777-96. DOI: http://dx.doi.org/10.1007/s40265-015-0385-y
51.  White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris GL, et al. Alogliptin after acute coronary syndrome in patients with type 2 diabetes. N Engl J Med. 2013;369(14):1327-35. 
DOI: http://dx.doi.org/10.1056/NEJMoa1305889
52.  Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, et al. Saxagliptin and cardiovascular outcomes in patients with type 2 diabetes mellitus. N Engl J Med. 2013;369(14):1317-
26. DOI: http://dx.doi.org/10.1056/NEJMoa1307684
53.  Wu S, Hopper I, Skiba M, Krum H. Dipeptidyl peptidase-4 inhibitors and cardiovascular outcomes: meta-analysis of randomized clinical trials with 55,141 participants. Cardiovasc Ther. 
2014;32(4):147-58. DOI: http://dx.doi.org/10.1111/1755-5922.12075
54.  Monami M, Dicembrini I, Mannucci E. Dipeptidyl peptidase-4 inhibitors and heart failure: a meta-analysis of randomized clinical trials. Nutr Metab Cardiovasc Dis. 2014;24(7):689-97.  
DOI: http://dx.doi.org/10.1016/j.numecd.2014.01.017
55.  Zannad F, Cannon CP, Cushman WC, Bakris GL, Menon V, Perez AT, et al; EXAMINE Investigators. Heart failure and mortality outcomes in patients with type 2 diabetes taking alogliptin versus 
placebo in EXAMINE: a multicentre, randomised, double-blind trial. Lancet. 2015;385(9982):2067-76. DOI: http://dx.doi.org/10.1016/S0140-6736(14)62225-X
56.  Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, et al; TECOS Study Group. Effect of Sitagliptin on Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2015 
Jul;373(3):232-42. DOI: http://dx.doi.org/10.1056/NEJMoa1501352
57.  Cefalu WT, Leiter LA, Yoon KH, Arias P, Niskanen L, Xie J, et al. Efficacy and safety of canagliflozin versus glimepiride in patients with type 2 diabetes inadequately controlled with met-
formin (CANTATA-SU): 52 week results from a randomised, double-blind, phase 3 non-inferiority trial. Lancet. 2013;382(9896):941-50. DOI: http://dx.doi.org/10.1016/S0140-6736(13)60683-2
58.  Weir MR, Januszewicz A, Gilbert RE, Vijapurkar U, Kline I, Fung A, et.al. Effect of canagliflozin on blood pressure and adverse events related to osmotic diuresis and reduced intravascular 
volume in patients with type 2 diabetes mellitus. J Clin Hypertens (Greenwich). 2014;16(12):875-82. DOI: http://dx.doi.org/10.1111/jch.12425
59.  Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al; EMPA-REG OUTCOME Investigators. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J 
Med. 2015;373(22):2117-28. DOI: http://dx.doi.org/10.1056/NEJMoa1504720
60.  Sonesson C, Johansson PA, Johnsson E, Gause-Nilsson I. Cardiovascular effects of dapagliflozin in patients with type 2 diabetes and different risk categories: a meta-analysis. Cardiovasc 
Diabetol. 2016;15(1):37. DOI: http://dx.doi.org/10.1186/s12933-016-0356-y
61.  University of Dundee, European Foundation for the Study of Diabetes. Safety and Effectiveness of SGLT-2 Inhibitors in Patients With Heart Failure and Diabetes (REFORM).In: ClinicalTrials.
gov [Internet]. Bethesda (MD): National Library of Medicine (US). 2012-2016 Mar 30. Available from: https://www.clinicaltrials.gov/ct2/show/study/NCT02397421 (18 May 2016).
62.  Neal B, Perkovic V, de Zeeuw D, Mahaffey KW, Fulcher G, Stein P, et al. Rationale, design, and baseline characteristics of the Canagliflozin Cardiovascular Assessment Study (CANVAS)—a 
randomized placebo-controlled trial. Am Heart J. 2013;166(2):217-23.e11. DOI: http://dx.doi.org/10.1016/j.ahj.2013.05.007
63.  Janssen Research & Development, LLC, The George Institute for Global Health, Australia. Evaluation of the Effects of Canagliflozin on Renal and Cardiovascular Outcomes in Participants 
With Diabetic Nephropathy (CREDENCE). In: ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). 2014-2016 Apr 02.  
Available from: https://clinicaltrials.gov/ct2/show/NCT02065791 (18 May 2016).
64.  AstraZeneca, Bristol-Myers Squibb,The TIMI Study Group, Hadassah Medical Organization. Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular Events (DECLARE-
TIMI58). In: ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). 2012-2016 Mar 24. Available from: https://clinicaltrials.gov/ct2/show/NCT01730534 (18 May 2016).
65.  Taylor SI, Blau JE, Rother KI. SGLT2 Inhibitors May Predispose to Ketoacidosis, J Clin Endocrinol Metab. 2015;100(8):2849-52. DOI: http://dx.doi.org/10.1210/jc.2015-1884
